The importance of histamine in the physiology of the testis in mammals and reptiles has 39 been recently shown. Histamine receptors (Hrs) are well conserved in fish and are 40 functional in several fish species. We report here for the first time that histamine and the 41 mRNA of Hrh1, Hrh2 and Hrh3 are all present in the gonad of the hermaphrodite teleost 42 fish gilthead seabream. Moreover, cimetidine, which acts in vitro as an agonist of Hrh1 and 43
Macaca mulatta EHH16174) were used to determine a conserved region useful to design 167 primers (Table 1) and clone a partial sequence of the hrh1 of gilthead seabream using PCR 168 techniques and head kidney cDNA as a template. The sequence obtained was launched 169 using the BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) within teleost databases 170 to verify its identity ( Table 2 ). The sequence obtained was published at the GenBank 171 database with an accession number LN875558 and protein sequence accession number 172 CTQ87325.1. Then, specific primers for gene expression analysis were design (Table 1) . 173
The hrh2 and hrh3 were identified after blast searches in the IATS-CSIC transcriptomic 174 database (www.nutrigroup-iats.org/seabreamdb). Partial sequences of 932 and 1815 175 nucleotides in length were unequivocally annotated as hrh2 (E = 5e-50) and hrh3 (E = 9e-176 169), respectively. The resulting nucleotide sequences were uploaded to GenBank with the 177 accession numbers KP728255 (hrh2) and KP728256 (hrh3). 178
Total RNA was extracted from gonad fragments with TRIzol Reagent (Life 179
Technologies, Madrid, Spain). Gonads were homogenised in 1mL of Trizol in an ice bath, 180 and mixed with 200 µL of chloroform. The suspension was then centrifuged at 12,000 xg 181 for 15 min. The clear upper phase was aspirated and placed in a clean tube. Five hundred 182 microliters of isopropanol were then added, and the samples were again centrifuged at 183 12,000 xg for 10 min. The RNA pellet was washed with 75% ethanol, dissolved in 184 diethylpyrocarbonate (DEPC)-treated water and stored at -80 ºC. The RNA was quantified 185 with a spectrophotometer (Cecil Instruments Ltd) and the amount of RNA define as one 186 unit of absorbance at 260 nm correspond to 40 µg/µL de RNA. The absorbance at 280 and 187 320 was also analyzed to determine the grade of purity of total RNA. One µg of the total 188 RNA was then treated with DNase I (amplification grade, 1 unit/µg RNA, Life 189
Technologies, Madrid, Spain) to remove genomic DNA traces that might interfere in the 190 PCR reactions, and the SuperScript III RNase H−Reverse Transcriptase (Life 191 Technologies, Madrid, Spain) was used to synthesize first strand cDNA with oligo-dT18 192 primer at 50ºC for 60 min. 193
Real-time PCR was used to analyse the expression of the genes coding for 194 histamine receptor H1 (hrh1), H2 (hrh2) and H3 (hrh3), the testicular specific protein, 195 double sex-and mab3-related transcription factor 1 (dmrt1), and some testicular 196 steroidogenesis-related molecules as (i) the steroidogenic acute regulatory protein (star), 197
(ii) the cholesterol side chain cleavage cytochrome P450 (cyp11a1), (iii) the steroid 11-198 beta-hydroxylase (cyp11b1), and (iv) the aromatase (cyp19a1a). Table 1 . In all cases, each PCR was repeated at least 205 twice. Less than 2% variation in rps18 gene expression was observed between samples. 206
Before the experiments, the specificity of each primer pair was studied using positive and 207 negative samples. A melting curve analysis of the amplified products validated the primer 208 for specificity. Negative controls with no template were always included in the reactions. Microtiter plates (MaxiSorp) were purchased from Nunc. The reaction was revealed using 254
Ellman's reagent (Cayman Chemical) and the absorbance of the samples was measured at 255 405 nm every 2 min intervals during 5 h at 25 ºC using a Thermo Scientific Multiskan GO 256 plate reader. Standards and extracted plasma samples were run in duplicate and all the 257 readings were corrected with the blank and negative control. The lower detection limit for 258 all the assays was 12.2 pg/mL. The inter-assay coefficients of variation at 50% of binding 259 were 6.4% for E 2 (n=3) and 4.8% for 11KT (n=3). The intra-assay coefficients of variation 260 (calculated from sample duplicates) were 8.2 ± 2.3% for E 2 and 6.9 ± 1.3% for 11KT 261 assays. Details on cross-reactivity for specific antibodies were provided by the supplier 262 (0.01% of anti-11KT reacts with T; and 0.1% of anti-E 2 reacts with T). 263
Calculation and statistics 264
The gonadosomatic index (GSI) was calculated as an index of the reproductive stage [100 × 265 (GM/BM) (%)] where GM is gonad mass (in grams) and BM is body mass (in grams). 266
The quantification of anti-BrdU immunostained and TUNEL stained indexes were 267 calculated as the mean value ± SEM of the stained area/total area of 24 randomly 268 distributed optical areas at 200 x magnification. The stained areas were measured by image 269 analysis using a Nikon eclipse E600 light microscope, an Olympus SC30 digital camera 270 (Olympus soft imaging solutions GMBH), and Image Tool 3.00 software (The University 271 of Texas Health Science Center). 272
Data were analysed by one-way ANOVA and a post hoc test (Tukey Honestly 273
Significant Difference or Waller Duncan) to determine differences between groups 274 (P≤0.05). Normality of the data was previously assessed using a Shapiro-Wilk test and 275 homogeneity of variance was also verified using the Levene test. All data related to sex 276 steroid serum levels and gene expressions did not meet parametric assumptions, and they 277 were subjected to a non-parametric Kruskal-Wallis test, followed by a multiple comparison 278 test. The critical value for statistical significance was taken as P≤0.05. Statistical analyses 279 were conducted using SPSS 12.0 (SPSS, Chicago, IL, USA). All data are presented as 280 mean ± standard error to the mean (SEM). 281
Results 282

Identification of a partial sequence of hrh1 gene 283
A partial sequence of the hrh1 gene of 295 base pair have been cloned and published in the 284 genebank with the accession number LN875558. This sequence coded for a 98 amino acid 285 peptide that had a 93% of homology with the hrh1 gene of several teleosts species (Table  286 2). Moreover, this sequence coded for 7 transmembrane receptor (rhodopsin family) 287 domain, which is present in the most of the HRH1 orthologes. 288
Cim acts as an agonist of HRH1 and HRH2 in gilthead seabream leukocytes 289
First of all, the ability of Cim to act through gilthead seabream HRH1 or HRH2 by 290 determining the modification on the ROIs production of head kidney leukocytes in the 291 presence or absence of specific HR agonists or antagonists was analysed. The results 292
showed that 1 mM Cim increased leukocyte ROI production as 0.1 mM His did, while 0.1 293 mM of Peth (HRH1 agonist) or 0.1 mM of Dm (HRH2 agonist) failed to do so (Fig. 2a) . 294
However, 1 mM Chr (HRH1 antagonist) or Fam (HRH2 antagonist) inhibited or stimulated 295 the ROI production, respectively (Fig. 2b) . When the cells were incubated with 0.1 mM 296
Cim in the presence of 1 mM Chr or Fam, both antagonist inhibited the Cim-stimulated 297
ROIs production (Fig. 2b) . The assessment of cell viability, as assayed by propidium iodide 298 staining, demonstrated that this parameter was not significantly affected by the treatments 299 employed. The non staining cells range between 95.89 ± 0.22 and 96.54 ± 0.23% of total 300 cells for all compounds except for 1 mM Chr, which reduced cell viability to 94.88 ± 301 0.37%. 302
The hrh1, hrh2 and hrh3 genes are expressed in the gonad although their expressions 303
were differently modified by Cim 304
All three HRs were expressed in the gonad of gilthead seabream (Fig. 3) . In 1 year old fish, 305 their expression levels were not modified by Cim treatment (Fig. 3a,c,e) . However, in 2 306 year old fish hrh1 was up-regulated at 5 dpi of 50 mg Cim/kg BM treatment (Fig. 3b) , 307 while the expression of hrh2 and hrh3 were up-regulated at 5 dpi of 200 mg Cim/kg BM 308 treatment (Fig. 3d,f) . 309
Histamine positive cells were present in the testis 310
Histamine was immunodetected in some interstitial cells of the testis (Fig 4a) and in the 311 connective tissue that limited the testicular and the ovarian areas and around the efferent 312 ducts (Fig. 4b) . These cells are granular cells that differ from acidophilic granulocytes (Fig.  313 4c), as previously described (Mulero et al., 2007), and as has been confirmed by negative 314 (Fig. 4d , for histamine) and positive (Fig. 4 e, for histamine; f, for G7) controls. 315
Cim differentially affects the GSI, the testicular cell proliferation and apoptotic rates 316 and the dmrt1 gene expression in both ages analysed 317
Cim treatment was unable to affect the GSI in 1 year old fish while diminished it in 2 years 318 old fish (5 dpi with all Cim concentrations assayed) ( Table 3) . 319
BrdU and TUNEL staining determined that the Cim altered the renewal rates of 320 testicular cells. Thus, the BrdU immunostaining index decreased (at 3 dpi with 100 and 200 321 mg Cim/kg BM) or increased (at 5 dpi with all the Cim concentrations assayed) in the 322 gonad of 1 year old males (Table 3) . However, this index decreased in the gonad of 2 years 323 old males (at 5 dpi with all the concentrations assayed) (Table 3) . Interestingly, the size, 324 morphology and localization of the nuclei immunostained with anti-BrdU determined that 325 although in control fish both germ and Sertoli cells proliferate, Cim increase the Sertoli cell 326 proliferation (Fig. 5a,b,c) . In the other hand, the TUNEL staining index diminished in the 327 testis of 1 year old males (at 3 dpi with 200 mg Cim/kg BM and at 5 dpi with 50 mg 328 Cim/kg BM) and in 2 years old males (at all times and Cim concentrations assayed) except 329 after 5 dpi of 100 mg Cim/kg BM treatment where an increase was recorded (Table 3) . 330
Most of the apoptotic cells resembled the location and the nuclear shape characteristic of 331 Sertoli cells in both control and Cim treated testis, although some spermatogonia were also 332 observed (Fig. 5d,e) . 333
Dmrt1 gene expression was down-regulated in the gonad of 1 and 2 years old males 334 with 100 mg Cim/kg BM, although the exposure time needed varied with the age of the fish 335 (5 dpi in 1 year old animals, Fig. 6a , and 3 dpi in 2 years old animals, Fig. 6b, respectively) . 336
Cim differentially modifies testicular steroidogenesis depending on the fish age 337
Cim altered differentially the E 2 and 11KT serum levels of 1 and 2 years old gilthead 338 seabream males. Regarding the E 2 serum levels, an increase was observed in fish of both 339 ages, although the Cim concentration and the exposure time needed varied between both 340 groups (at 3 dpi with 100 and 200 mg Cim/kg BM in 1 year old animals, Fig. 6c , and with 341 all Cim concentration assayed in 2 years old animals and at 5 dpi with 100 and 200 mg 342
Cim/Kg BM in 2 years old animals, Fig. 6d ). In contrast, 11KT serum levels decreased in 1 343 year old males (at 3 dpi with 200 mg Cim/kg BM and at 5 dpi with 100 and 200 mg Cim/kg 344 BM, Fig. 6e ), while increased in 2 years old males (at 3 dpi with all the Cim concentrations 345 used, Fig. 6f) . 346
Differences in the transcriptional levels of several steroidogenic molecule genes in 347 the gonad were recorded between 1 and 2 years old males after Cim injection (Fig. 7) . In 1 348 year old fish, star, cyp11a1 and cyp11b1 gene expression were down-regulated (star at 3 349 dpi with all the concentrations assayed and at 5 dpi with 100 and 200 mg Cim/kg BM, Fig.  350 7a; cyp11a1 at 3 dpi with 50, 100 and 200 mg Cim/kg BM and at 5 dpi with 50 and 100 mg 351 Cim/kg BM, Fig. 7c ; and cyp11b1 at 3 dpi with 50 and 200 mg Cim/kg BM and at 5 dpi 352 with 100 and 200 mg Cim/kg BM, Fig. 7e ). However, no differences were observed in the 353 expression pattern of cyp19a1a gene (Fig. 7g) . In the other hand, in the gonad of 2 years 354 old males, the transcription of star and cyp11b1 was up-regulated (5 dpi with 50 mg 355 Cim/kg BM, Fig. 7b ,f, respectively) and the transcription of cyp11a1 and cyp19a1a was 356 down regulated (cyp11a1 at 3 and 5 dpi with 100 mg Cim/kg BM, Fig. 7d , and cyp19a1a at 357 3 dpi with 50 mg Cim/kg BM and at 5 dpi with 200 mg Cim/kg BM, Fig. 7h) . Moreno-González, R., Rodríguez-Mozaz, S., Gros, M., Pérez-Cánovas, E., Barceló, D., 547
León, V.M., 2014. The gene expression was analysed by real time PCR and data represent the means ± S.E.M. 631 of duplicate samples corresponding to four independent fish. The serum levels were 632 analysed by ELISA and data represent the means ± S.E.M. of duplicate samples 633 corresponding to four independent fish. Asterisks indicate significant differences between 634 treated and control groups (*P ≤ 0.05). 635 
